IMPORTANCE A diagnosis of cancer carries a substantial risk of psychological distress. There has not yet been a national population-based study in England of the risk of suicide after cancer diagnosis.
A diagnosis of cancer can cause substantial psychological distress. 1 Patients may fear death; pain; adverse effects of treatment, such as disfigurement or loss of function; or alterations in their family and community roles. 1 This distress may have a role in the development of suicide ideation: previous evidence from systematic reviews has shown an increased risk of suicide among patients with cancer. 2, 3 In the United Kingdom, the prevalence of patients with a cancer diagnosis is growing, driven by increased survival, improved cancer treatments, and expanding cancer screening programs. 4 Despite political and financial prioritization of diagnostic and therapeutic cancer services and public health campaigns aimed at facilitating earlier diagnosis of cancer, there are substantial historical resource constraints for mental health services. In addition, acute care hospitals and mental health services remain disconnected. 5, 6 Although the absolute risk of suicide may be low compared with the risks for other causes of death in patients with cancer, these deaths are potentially preventable. They are also a proxy marker of substantial psychological distress in patients with cancer. In 2015, the Cancer Taskforce report highlighted that better management of depression could improve patient outcomes, affecting quality of life as well as adherence to treatment, thereby having an influence on survival. 7 To target psychological screening and support for the patients in greatest psychological distress and at risk of suicide, we need to understand variation in risk of suicide by patient group as defined by, for example, age, sex, and cancer type.
To our knowledge, this study is the first national populationlevel analysis of suicide among patients with cancer in England. Using longitudinal data from the National Cancer Registration and Analysis Service, linked to Office for National Statistics death certification data, we examined the risk of suicide in patients with a cancer diagnosis compared with that of the general population. We further analyzed the risk in terms of cancer type and stage, time since diagnosis, and sociodemographic factors.
Methods

Study Population
Patients diagnosed with a malignant tumor (International Statistical Classification of Diseases, 10th Revision [ICD-10] codes C00-C97, excluding C44, nonmelanoma skin cancer, using an internal mapping system for all ICD revisions) during January 1, 1995, to December 31, 2015, and aged 18 to 99 years at diagnosis, were identified from Public Health England's national cancer registration database. All patients were residents of England at the time of their diagnosis. Patients identified as having cancer on their death certificate alone were excluded as these patients were not aware of their diagnosis. Individuals diagnosed on the same day as their death contributed 1 day to the risk period. For individuals with more than 1 cancer diagnosis, the date and diagnosis of their most recent cancer was selected using the groupings available in eTable 1 in the Supplement. equivalents: E950-E959 for suicide and self-inflicted injury and E980-E989 (excluding E988.8) for undetermined death. Deaths were selected using the final underlying cause of death, as per the World Health Organization guidelines. 8 The income deprivation quintile was derived by linking each patient's postcode at diagnosis (at the Lower Super Output Area geography) to the income domain of the Index of Multiple Deprivation. 9 Equal population quintiles were derived across England from the income domain score, and each patient with cancer was assigned the income deprivation quintile of their local geography. Ethnicity was self-reported, recorded in hospital patient administration systems, and submitted to the cancer registry. If a patient's ethnicity was unknown, it was supplemented by information on self-reported ethnicity as recorded in the Hospital Episode Statistics data set. As ethnicity may be recorded differently during each hospital admission, the modal value was used in cases of discrepancy, preferring the most recent ethnicity documented in the event of a tied modal value. The cancer registry operates on a benchmark of 70% completeness for stage. Completeness of stage has been deemed sufficient for analysis since 2012 10 cer population / number of expected deaths by suicide. The AER was defined as the ([number observed − number expected] / [person-years at risk]) × 10 000. These measures estimate the proportional increase in the suicide rate compared with rates in the general population and the absolute excess suicide rate compared with the general population, respectively. Population-based expected deaths were derived from age (5-year groups), sex, and calendar-year (1-year groups) specific death rates for England. 12 Tests for heterogeneity were performed using likelihood ratio tests based on Poisson regression models. This test compared the deviance of a model including the factor of interest to the deviance of a model without the factor of interest. Statistical significance was defined as 2-sided with significance level set at P < .05.
Multivariable Poisson regression models were used to evaluate the simultaneous effect of the factors of interest. All factors were fitted in the regression model with no interaction terms. These factors were sex, cancer type, deprivation, race/ethnicity, age at cancer diagnosis, year of diagnosis, attained age, and follow-up period. Attained age and follow-up period were never fitted in the same model due to strong collinearity. These multivariable models produced relative risks (with an offset of the log of the expected number of deaths), which were the ratio of SMRs adjusted for all factors, and relative excess risks (with an offset of the log of the person-years and a link function 13 ), which were the ratio of AERs adjusted for all factors. 11 The heterogeneity tests from the multivariable models are presented herein, and the estimates are presented in eTable 2 in the Supplement. All calculations were performed using Stata, version 13 (StataCorp). Table 2 ). An elevated risk was demonstrated in each deprivation quintile, where no significant heterogeneity was observed ( Table 3 ). There were variations in the association between suicide risk and attained age, with significant heterogeneity overall (Table 3 and eTable 3 in the Supplement).
Results
Patient Characteristics and Overall Findings
Variation in Suicide Risk by Last Primary Cancer
There was evidence of heterogeneity by cancer type for both SMRs and AERs ( 
Variation in Suicide Risk by Sex
There were more than double the number of men who died by suicide compared with women ( Table 1 ). The association with sex varied by cancer type and was greater when expressed in AERs ( 
Variation in Suicide Risk by Years Since Cancer Diagnosis
The SMR was greatest in the first 6 months after cancer diagnosis (SMR, 2.74; 95% CI, 2.52-2.98; AER, 1.77; 95% CI, 1.54-2.01), but remained elevated throughout the first 3 years (2-year SMR, 1.14; 95% CI, 1.01-1.28; AER, 0.13; 95% CI, 0.00-0.27). The risk decreased over time (P < .001). This association remained after multivariable adjustment (Figure, eTable 5 in the Supplement). The association with years since cancer diagnosis varied by cancer type, although there was a significantly increased risk in the first 6 months for all cancer types with an overall increased risk of suicide (eTable 4 and eTable 6 in the Supplement). Patients with mesothelioma had the highest risk of suicide in the first 6 months after diagnosis, with an 8.61-fold risk compared with the general population, corresponding to 9.36 extra deaths per 10 000 person-years at risk.
Cumulative Risk of Suicide Mortality by Attained Age
The cumulative risk of suicide mortality was greatest for patients with mesothelioma, stomach, and lung cancer. By age 80 years, the cumulative risk was 1.60% for patients with mesothelioma. The corresponding expected cumulative mortality by this age was 0.63% (eFigure in the Supplement).
Subgroup Analyses of Suicide Risk
Among patients with cancer diagnosed since 2012, significant heterogeneity was found by stage at diagnosis (P < .001) (eTable 7 in the Supplement). The SMR and AER were greatest for those with stage IV disease (SMR, 2.79; 95% CI, 2.24-3.47; AER, 1.97; 95% CI, 1.30-2.65). 
Discussion
In our nationwide population-based study of 4 722 099 patients, we found that being diagnosed with cancer in England confers a 20% increased risk of suicide compared with the general population, equivalent to 0.08% of all deaths among patients with cancer or 2491 potentially preventable deaths over this period. Our study identified specific factors characterizing those at higher risk, which will assist in the needs-based psychological assessment of these groups. Cancer types associated with particularly elevated risks are mesothelioma, pancreatic, lung, esophageal, and stomach cancers. These tend to be characterized by poor prognosis. We identified the first 6 months after a cancer diagnosis to be the period of highest risk. Although suicide is hard to predict, these findings indicate that all patients, and particularly those with the cancer types at highest risk, require improved psychological support and screening for suicidality in the immediate aftermath of cancer diagnosis.
In our cohort, we found only borderline differences by level of deprivation. Although deprivation is commonly understood to be an area-level risk factor for suicide, this is not a consistent association, and the divergent findings are likely to be explained by the size of the area of aggregation. 14 
Findings in the Context of Other Studies
A number of studies have found an elevated risk of suicide in patients with cancer, in settings such as England, Finland, Sweden, Italy, Estonia, Japan, Norway, and the United States. 15 Our findings are consistent with a previous analysis of local cancer registry data in England 16 and European studies reported comparable SMRs, with similar high-risk clinical and demographic groups identified. 17, 18 However, an analysis of English primary care data found no elevated risk of suicide in patients with cancers overall or in men, but a 3-fold elevated risk of suicide in women, which was independent of clinical depression. 19 The explanation for this apparent inconsistency in English findings may be that their data were derived from patients in 224 general physician practices, rather than our population coverage, with the validity of diagnoses reliant on quality and completeness of primary care physician records.
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The findings of cancer-specific analyses concur with ours in that patients with poor prognosis tend to be those at highest risk. 16 More generally, the evidence suggests that suicide risk is associated with cancers with low survival rates 17 and limited treatment options. 15 We found that cancer risk varies by time since diagnosis, and the time bands that we chose suggested that suicide risk is highest in the first 6 months after diagnosis. Other studies have investigated differing time periods, but all found an elevated risk in the initial period defined after diagnosis, whether the first week, 21 first month, 22 or first year. 16 
Strengths and Limitations
To our knowledge, this study is the first to investigate suicide risk in patients with cancer with entire population-based coverage in England. This strength should support responsive service provision in England. The advantages of complete cause of death ascertainment, national coverage, and precise diagnostic information reduced the biases introduced by missing data. Nevertheless, we acknowledge the limitation of the potential for underreporting of suicide as a cause of death. 23 This lower level of reporting may affect data on patients with can- cer more than the general population, with this bias therefore potentially underestimating the overall risk of suicide among patients with cancer. Long-term follow-up over 22 million person-years at risk provided robust estimates of how risk varies by time since diagnosis. Tight definition of time periods clarified that risk concentrates within the first 6 months, providing more finegrained risk information than the previous analysis of local English cancer registry data. 16 The inclusion of race/ethnicity in cancer registry data allowed us to present the variation in suicide risk by race/ ethnicity, unlike national suicide reports. 12 Because the method of standardization could not include race/ethnicity, the observed trends are likely to reflect those in the general population. Given the extent of our population coverage, our findings provide the most representative description of race/ ethnicity variation in suicide risk nationally, albeit with 32% missing data. Standardization was also not possible by deprivation quintile.
One limitation of the study is that it was not possible, due to current data availability, to adjust for preexisting psychiatric disorders or other potential confounders, such as alcohol or drug misuse diagnostic information. However, it has been demonstrated in a study of national cancer registration data that suicide risk is not explained by preexisting psychiatric conditions. 21 An additional limitation is that, because of the small numbers of deaths, we were unable to perform multivariable regression models for specific cancer types or for the subgroup analysis to assess whether the trends observed could be explained by distributional differences in other variables measured. However, our multivariable model for all cancers combined suggested that variation in the patient characteristics were not explained by differences in the other variables, including cancer type.
Clinical and Policy Implications
Clinically, our results identify specific cancers associated with significantly elevated risk of suicide and the first 6 P value for heterogeneity <.001 <.001
Adjusted (follow-up) P value for heterogeneity a <.001 <.001
Abbreviations: AERs, absolute excess risks; CNS, central nervous system; SMRs, standardized mortality ratios.
a Fully adjusted for sex, cancer type, deprivation, race/ethnicity, age at cancer diagnosis, year of diagnosis (5-year groups), and follow-up period.
months after diagnosis as being a critical period requiring greater vigilance for psychological distress and potential suicidality. The combined literature suggests that the first week after diagnosis has the highest risk for suicide, falling thereafter. This early phase is clearly a critical period. The mechanisms of suicide among patients with cancer are likely to be heterogeneous, involving factors beyond diagnosable psychiatric disorder. The shock of a cancer diagnosis and the losses inherent to it may be processed as a psychological threat. In some cases this shock can give rise to psychological symptoms diagnosable as depression or anxiety. The prevalence of major depression in patients with cancers is 15%, 24 exceeding the 2% reported for the general population. 25 However, as diagnostic criteria for depression rely on at least 2 weeks of pervasive low mood, patients who attempt suicide within a week of a cancer diagnosis may have been depressed for some time 26 or enacting a catastrophic reaction to a negative life event.
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Specific cancers may present insidiously with depressed mood and certain treatments for cancer can also cause depression through their direct neuropsychiatric effects.
1 Awareness of the potential for such biological effects, impulsive catastrophic reactions to diagnosis, and incident or worsening depression are starting points for early identification of suicidal distress. Predicting suicide is difficult, and most people identified as high risk for suicide do not die by suicide.
28 English patients with cancer have a low ratio of self-harm events to suicides compared with those for other physical and psychiatric disorders 29 and the general population, 30 presenting fewer early warning signs for suicide and limiting opportunities for intervention. Nevertheless, our findings identify the time- Abbreviations: AER, absolute excess risk; CNS, central nervous system; SMR, standardized mortality ratio.
a Sex, follow-up period, age at death, deprivation, and ethnicity.
b Fully adjusted for sex, cancer type, deprivation, race/ethnicity, age at cancer diagnosis, year of diagnosis, and follow-up period.
c Fully adjusted for sex, cancer type, deprivation, ethnicity, age at cancer diagnosis, year of diagnosis, and attained age (age at death).
d Estimate is based on a low number (<10) of observed events, and must be interpreted with caution.
frame over which health professionals should ensure better monitoring of the psychological health of all patients with cancer, and particularly those with poor prognoses, and address modifiable risk factors, such as pain, substance use disorders, and psychiatric illness. Efforts to address the underdiagnosis and undertreatment of depression and anxiety in patients with cancer are likely to reap benefits in terms of reducing suicide risk, as well as positively influencing quality of life, treatment adherence, and treatment costs. 1 Models that integrate psychological support into cancer care, specifically collaborative screening and treatment, have shown benefits in terms of reduced depression, anxiety, and pain, even if they lack evidence for survival benefits.
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Access to the means of suicide may influence risk, and restricting access is the suicide prevention intervention with the best evidence for effectiveness. 32 This suggests that, for patients with cancer who are thought to be at higher risk of suicide, there may be scope to consider effective pain management options other than opioids, 33 transdermal administration routes, or to involve caregivers in medication administration and safeguarding.
Future Research
Our study used a lower age limit of 18 years, and the numbers of suicides in patients with cancers younger than 18 years were low. We were therefore unable to investigate suicide risk in teenagers and young adults, among whom evidence is limited. Pooling data could help to address this gap, as could using statistical methods, such as the self-controlled case series approach, to identify the precise points at which suicide risk is elevated. 34 Further research could also consider hospital admissions for suicide at- 
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Risk of Suicide After Cancer Diagnosis in England tempts or the presence of preexisting or intercurrent psychiatric illness to support the identification of modifiable risk factors.
Conclusions
We found an elevated risk of suicide in patients with cancer, particularly in the first 6 months after diagnosis. Patients with mesothelioma, pancreatic, lung, esophageal, and stomach cancers had the highest risk. 
